The essential oils of two representatives of the Lamiaceae, Dracocephalum heterophyllum Benth. and Hyssopus officinalis L., are described for their antifungal, antibacterial, larvicidal and inect biting deterrent activities. Additionally, the chemical compositions of the essential oils, analyzed by simultaneous GC-MS and GC-FID, and odor descriptions are given. The main components of H. officinalis oil were pinocarvone, cis-pinocamphone, and β-pinene. Citronellol was found as the main compound of D. heterophyllum essential oil. Antibacterial testing by agar dilution assay revealed greater activity of D. heterophyllum against Staphylococcus aureus compared with H. officinalis. D. heterophyllum essential oil also showed promising antifungal activity against Colletotrichum species and was more toxic to Aedes aegypti larvae in a larvicial bioassay. Both essential oils showed high activity in the biting deterrent bioassay.
The muscle relaxing activity of the essential oil was demonstrated by in vitro experiments [9] . The essential oil also exhibits high levels of virucidal activity against herpes simplex virus type 2 [10] and acyclovir-resistant type 1, as well as acyclovir-sensitive strain KOS [11] . In the present investigation the essential oils of H. officinalis and D. heterophyllum collected wild in the western Himalayan regions were analyzed using simultaneous GC-FID and GC-MS. The results of the quantitative and qualitative analyses are shown in Tables 1 and 2, respectively. From H. officinalis oil a total of 44 compounds were identified, accounting for 98.3 %, depending on the column. The major component of the oil was pinocarvone (23.4%), followed by cispinocamphone (20.3%), β-pinene (17.8%) and trans-pinocamphone (5.0%) ( Table 1) . This largely corresponds with the findings of Pal and coworkers on samples from the same region [12] . In recent years various H. officinalis essential oil samples have been analyzed from plants either collected or cultivated in several parts of Europe and the Mediterranean, including Egypt [13] , Italy [14] , Bulgaria [15] and Turkey [16, 17] . These investigations show that the essential oil components vary considerably within the same species due to climatic influences and local factors [8] . Moreover, they also demonstrate that the ratio between cis-and trans-pinocamphone seems generally to be characteristic for the oils of H. officinalis, for it strongly varies between the oils. In our study the ratio was around 20:5, whereas ratios of 34:3 and 19:29 were also reported in the literature [14] . [21] The essential oil of D. heterophyllum contained mainly citronellol (74.2%) of a total of 40 compounds. Only small amounts of cis-rose oxide (2.2%), citronellyl acetate (1.7%) and trans-rose oxide (1.1%) contributed to the oil ( Table 2 ). This is mainly in accordance with previous findings on the essential oil collected from the wild in that region at 4000 m and above, although Mahmood and co-workers additionally found citronellal and citronellyl formiate (6.7% each) in the leaf oil [1] . When cultivated at 1400 m hardly any rose oxide (≤ 0.2%), but higher amounts of citronellyl acetate (≥ 11 %) were found in D. heterophyllum essential oil [4] . Zhang and co-workers reported cineol (14.9%), trans-nerolidol (7.1%) and germacrene D (4.8%) as main compounds of D. heterophyllum essential oil collected in Gan-Nan, a southern province of China [18] .
Olfactory evaluation of D. heterophyllum essential oil revealed a fresh rose-geranium like, floral odor with a slightly green and leafy note. The odor of the essential oil of H. officinalis was described as fresh herbaceous, somewhat minty camphoraceous and coniferous in the background.
In an agar dilution assay the essential oils of H. officinalis and D. heterophyllum were tested for their antimicrobial activity against Staphylococcus aureus, Salmonella abony, Escherichia coli and Pseudomonas aeruginosa, as well as Candida albicans, which was the most sensitive microorganism to both oils with a minimal inhibitory concentration (MIC) of 1000 μg/mL. However, both essential oils were inactive against P. aeruginosa (MIC 8000 μg/mL) ( Table 3 ). H. officinalis showed a MIC of 4000 μg/mL against S. aureus and 2000 μg/mL against S. abony and E. coli, respectively. This moderate antimicrobial activity is in accordance with that of Marino and co-workers [19] . In another investigation Essential oils of Dracocephalum heterophyllum and Hyssopus officinalis Natural Product Communications Vol. 10 (1) 2015 135 the essential oil of H. officinalis collected from the wild in southeast Anatolia, Turkey, revealed low antimicrobial activity against P. aeruginosa, but strong activities against S. pyogenes, S. aureus and E. coli in an anti-microbial disc diffusion test. This might be due to the oil's high amount of (-)-terpinen-4-ol (7.1%) [17, 20] . Further moderate antimicrobial activity was found for the essential oil of H. officinalis var decumbens from plants collected in France against three Candida strains (MICs between 1500-3000 μg/mL), as well as Gram-positive and Gram-negative bacteria (MICs ≥ 3000 μg/mL) [22] . 
In our investigation D. heterophyllum essential oil showed the same antimicrobial results as H. officinalis oil except for S. aureus against which it was more effective (MIC 2000 μg/mL), possibly due to its high amount of citronellol [20, 23, 24] . These results are in contrast with those recently published by Arora and co-workers [25] who reported low antimicrobial activity (MIC ≥8000 μg/mL) of D. heterophyllum essential oil collected from the trans-Himalayan Ladakh region, India. However, Zhang and co-workers demonstrated high antimicrobial effects of cineol-rich D. heterophyllum essential oil against eight bacteria, including S. aureus, E. coli, and P. aeruginosa (MICs 40 μg/mL, 80 μg/mL and 160 μg/mL, respectively), and four fungal strains, including C. albicans (MIC 600 μg/mL) [18] . Since 1,8-cineole is known to exhibit low antimicrobial activity [20] the above reported antimicrobial effect might rather be due to secondary compounds or components that have not been detected by GC-MS. Additionally, unpredictable synergistic and antagonistic effects of monoterpenecombinations play an important role in essential oil properties [26] . For this reason the investigation of antimicrobial effects of the pure main compounds was disregarded in the present study.
In a program aimed at discovering natural fungicides as alternatives to conventional synthetic agrochemicals, D. heterophyllum and H. officinalis essential oils were evaluated for antifungal activity using direct bioautography assays against three Colletotrichum species, anthracnose diseases of strawberry (Fragaria × ananassa) caused by the fungal pathogens Colletotrichum acutatum, C. fragariae and C. gloeosporioides [27] . In an evaluation of D. heterophyllum and H. officinalis essential oils by direct bioautography assay at 80 and 160 μg/spot against three Colletotrichum species, only D. heterophyllum essential oil demonstrated clear zones (Table  4 ) of fungal growth inhibition [14] . Since the D. heterophyllum oil showed promising antifungal activity and little is known from the literature, further research is needed to find the active compounds from the oil.
In the biting deterrent bioassay, D. heterophyllum and H. officinalis essential oils with PNB (Proportion Not Biting) values of 0.78 and 0.72, respectively showed high activity at 10 µg/cm 2 (Figure 1 ). This activity was similar to the standard dose (4.8 µg/cm 2 ) of DEET. This is the first report of biting deterrent activity of D. heterophyllum and H. officinalis essential oils against Ae. aegypti.
Data on larvicidal activity is given in Figure 2 . Essential oil of D. heterophyllum with an LC 50 value of 37.3 ppm was more toxic than H. officinalis essential oil having an LC 50 value of 58.7 ppm. In conclusion, the investigated essential oil from D. heterophyllum collected from the wild in Western Himalaya showed high effectivity in antifungal testing and also demonstrated better antibacterial effect compared with H. officinalis essential oil. Its high toxicity against Ae. aegypti larvae and its biting deterrent activity should be further explored (e.g. under well defined "glass house" conditions [28] ) for use as a potent phytochemical insecticide. The aerial parts were air-dried at room temperature (about 25°C) separately in the shade. In a glass Clevenger-type apparatus of 5 kg capacity the aerial parts of H. officinalis were hydrodistilled to obtain light yellow colored oil in 0.5% yield on a fresh weight basis. For D. heterophyllum the leaves and inflorescences were collectively hydrodistilled yielding light yellow colored oil (0.3% w/v). Both oils were dried by anhydrous sodium sulfate, filtered and stored in a refrigerator at 4°C before analytical investigations.
Essential oil analysis: GC-FID and GC-MS analyses were performed in one run and one GC with the help of a MS-FIDsplitter consisting of a quartz Y-splitter and a short (ca. 20 cm) 0.1 mm ID fused silica restrictor column as an inlet to the GC-MS interface and a ca. 1 m x 0.25 mm deactivated fused silica column serving as a transfer line to the FID detector. The restriction column limits the flow into the MS vacuum and prevents the entry of combustion gases from the FID, which was operated at atmospheric pressure. The flow in the analytical column must be greater than the inflow to the MS detector which is limited to about 1 mL/min by means of the restriction line. The GC column flow must be held constant otherwise the FID-MS split ratio changes with temperature. This configuration yields a FID and a MS chromatogram with almost identical retention times, thus facilitating substance assignment of the FID peaks. A Thermo Fisher Scientific Trace GC Ultra with a split/splitless injector heated at 230°C and connected to a 50 m x 0.25 mm x 1.0 mm SE-52 (95% Polydimethyl-, 5% Polydiphenylsiloxan) capillary column (made and tested for deactivation and separation efficiency in our lab [29] ), a FID detector operated at 250°C and a TriPlus RSH Autosampler. Essential oil samples (0.1 mL) were injected neat with a 0.5 mL plunger-in-needle syringe at a split ratio of 1:100. For substance identification, a Thermo Fisher Scientific ISQ Mass Spectrometer was used with GC-MS interface heating at 250°C, ion source 230°C, EI mode at 70 eV, filament 50 mA, and scan range 40-500 amu. The following oven temperature program was used: 60°C for 1 min. then heated to 230°C at a rate of 3°C/min, 230°C isotherm for 12.3 min. The carrier gas was helium 5.0, with a constant flow rate of 1.5 mL/min. Thermo Xcalibur 2.2 software was used for identifying the compounds by correlating mass spectra to databases of NIST 08 [30] , Wiley 8th ed. [31] , Adams library [32] , MassFinder terpenoids library [33] and our own library. Since mass spectral comparison alone often does not lead to unequivocal identification, especially for the sesquiterpenes, the position in the chromatogram must be used as a second criterion, which is by comparison of the calculated retention indices (RI) of the peaks with either literature data [30, 32, 33] or reference compounds. Retention indices are determined with the use of the measured retention times of a series of n-alkanes that elute over the whole span of the chromatogram and calculated according to the method of van den Dool and Kratz [34, 35] . Quantification was performed using normalized peak area calculations of the FID chromatogram without (by first approximation) relative FID-response factors.
Olfactory evaluation:
For olfactory evaluation, one droplet of each essential oil sample was applied onto commercially available paper blotters. Each sample was examined by a panel consisting of a professional perfumer and two aroma-chemists over 90 min to control odor progression.
Antimicrobial testing:
The antimicrobial effects of both essential oils were tested against the Gram-positive bacterium Staphylococcus aureus (ATCC 6538), as well as the Gram-negative bacteria Escherichia coli (ATCC 25922), Salmonella abony (ATCC 6017) and Pseudomonas aeruginosa (ATCC 27853). Additionally an antiyeast testing against Candida albicans (ATCC 10231) was performed. All strains were deposited in the Microbial Culture Collection of the Department of Biochemistry and Microbiology (University of Plovdiv, Bulgaria) and bacterial strains were stored on Nutritional Agar (NA, HiMedia Laboratories Ltd.). The fungal strain was stored on Sabouraud Dextrose Agar (SDA, HiMedia Laboratories Ltd.).
Bacterial cultures were prepared by inoculating about 2 mL of Mueller-Hinton Broth (MHB; HiMedia Laboratories Ltd.) with 2 to 3 colonies selected from NA. Cultures were incubated at 37°C for 24 h on a rotary shaker at 220 rpm. For preparation of the inocula, overnight cultures were diluted in sterile MHB to achieve an absorbance corresponding to 0.5 McFarland turbidity standard (1.0-1.5x10 8 CFU/mL) using a bench top densitometer for measuring turbidity of the cell suspensions (DEN-1, Grant instruments, Ltd). The yeast culture was prepared following the same procedure, except Sabouraud Dextrose Broth (SDB, HiMedia Laboratories Ltd.) was used instead of MHB. Antimicrobial activity of the aroma samples was evaluated by the Broth Microdilution Test in accordance to the CLSI broth microdilution method in Nunc TM 96well microtitration plates [36, 37] . Stock solutions prepared by dispersing the respective aroma sample in 2% DMSO (Sigma-Aldrich Co.) were added to the culture broth to obtain dilutions with final sample concentrations, after inoculation with microbial test suspension, between 8000 μg/mL and 125 μg/mL. Controls consisting of inoculated broth without aroma sample and without DMSO, as well as with DMSO were also prepared. The DMSO concentration in the broth dilution assay was low to keep the effect on bacterial growth to a minimum. Subsequently, the 96-well microtitration plates were incubated at 37°C for 24 h for bacterial cultures and 48 h for the yeast culture. Following incubation the absorbance of samples was measured by a microplate reader (ELx800 Absorbance Microplate reader, Bio-Tek Instruments, Ltd.). Minimal Inhibitory Concentration (MIC) was defined as the lowest concentration of essential oil which resulted in an absorbance reduction of > 90% compared with the observed absorbance of control samples without essential oil. For positive controls, standard antibacterial antibiotic HiComb™ MIC test strips of Ciprofloxacin and Cefazolin and antifungal HiComb™ MIC test strips of Amphotericin B and Fluconazole were evaluated. All tests were performed in duplicate.
Antifungal testing:
A number of bioautography techniques were used as primary screening systems to detect antifungal activity [38] . Isolates of Colletotrichum acutatum Simmonds, C. fragariae Brooks, and C. gloeosporioides (Penz.) Penz. & Sacc. in Penz.were obtained from B. J. Smith, USDA, ARS, Small Fruit Research Station, Poplarville, MS. Matrix, one-dimensional protocols on silica gel TLC plates along with Colletotrichum spp. as the test organisms were used to identify the antifungal activity according to published methods [38] . Matrix bioautography was used to screen large numbers of crude extract at 80 μg/spot. One-dimensional thinlayer chromatography (1D TLC) was subsequently used to purify and identify the number of antifungal agents in the extracts. Each plate was subsequently sprayed with a spore suspension (10 5 spores/mL) of the fungus of interest and incubated in a moisture chamber for 4 days at 26 °C with a 12 h photoperiod. Clear zones of fungal growth inhibition on the TLC plate indicated the presence of antifungal constituents in each extract. Fungal growth inhibition was evaluated 4-5 days after treatment by measuring zone diameters. Antifungal metabolites were readily located on the plates by visually observing clear zones where the active compounds inhibited fungal growth. Fungicide technical grade standards benomyl, cyprodinil, azoxystrobin, and captan were used as controls at 2 mM in 2µL of EtOH.
Essential oils of Dracocephalum heterophyllum and Hyssopus officinalis Natural Product Communications Vol. 10 (1) 2015 137 Mosquito biting testing: Aedes aegypti used in larvicidal and biting deterrence bioassays [39] were from a laboratory colony maintained since 1952 at the Mosquito and Fly Research Unit at the Center for Medical, Agricultural and Veterinary Entomology, United States Department of Agriculture, Agriculture Research Service, Gainesville, Florida. We received the eggs and stored them in our laboratory (Biological Field Station, The University of Mississippi, Abbeville, MS 38601) until needed. Mosquitoes were reared to the adult stage by feeding the larvae on a larval diet of 2% slurry of 3:2 Beef Liver powder (Now Foods, Bloomingdale, Illinois) and Brewer's yeast (Lewis Laboratories Ltd., Westport, CT). The eggs were hatched and the larvae were held overnight in the same cup. These larvae were then transferred into trays filled with water. Larval diet was added every day until pupation, and the mosquitoes were kept in an environment controlled room at a temperature of 27˚C ± 2˚C and 60 ± 10 % RH in a photoperiod regimen of 12:12 (L: D) h. The adults were fed on cotton pads moistened with 10% sucrose solution placed on the top of screens of 4-L cages.
Mosquito Biting Bioassays were conducted using a six-celled in vitro Klun & Debboun (K & D) module bioassay system developed by Klun et al. [40] for quantitative evaluation of biting deterrent properties of candidate compounds. The term deterrent refers to a chemical that inhibits feeding when present in a place where the insects feed in its absence and the repellent is a chemical that causes insects to make oriented movement away from its source [41] . The K & D system consists of a six-well reservoir with each of the 4 x 3 cm wells containing 6 mL of feeding solution. As described by Ali et al. [42] , we used the CPDA-1 (citrate-phosphate-dextroseadenine) + ATP solution instead of blood. Green fluorescent tracer dye (www.blacklightworld.com) was used to determine the feeding by the females. CPDA-1 was prepared by dissolving 3.33 g sodium citrate, 0.376 g citric acid, 4.02 g dextrose, 0.28 g monobasic sodium phosphate (Fisher Scientific Chemical Co. Fairlawn, NJ 07410), and 0.0346 g of adenine (Sigma-Aldrich, St. Louis, MO 63103) in 1026 mL of de-ionized water. ATP was added to CPDA-1 to yield 1x10 -3 M. CPDA-1 and ATP preparations were freshly made on the day of the test and contained green dye that allowed for identification of mosquitoes that had fed on the solution (see below). DEET was used as a positive control. Molecular biology grade ethanol (Fisher Scientific Chemical Co. Fairlawn, NJ) was used as solvent control. Stock and dilutions of all essential oils and DEET were prepared in ethanol. All essential oils were evaluated at 10 µg/cm 2 and DEET, as positive control, at 4.8 µg/cm 2 . Treatments were prepared fresh at the time of bioassay. During the bioassay, the temperature of the solution in the reservoirs covered with a collagen membrane was maintained at 37.5°C by circulating water through the reservoir with a temperature-controlled circulatory bath. The test compounds and controls were randomly applied to six 4 x 3 cm marked portions of nylon organdy strip, which was positioned over the 6, membrane-covered wells. A Teflon separator was placed between the treated cloth and module. A six-celled K & D module containing five 10-18 d-old females per cell was positioned over the 6 wells, trap doors were opened and mosquitoes allowed access for a 3 min period, after which they were collected back into the module. Mosquitoes were squashed and the presence of red dye (or not) in the gut was used as an indicator of feeding. A replicate consisted of 4 oil treatments, DEET (a positive control) and ethanol as solvent control. Five replicates were conducted per day using new batches of mosquitoes in each replication. Bioassays were conducted between 13:00 and 16:00 h and 10 replications were conducted for each treatment.
Larvicidal testing: Larval bioassays were conducted by using the bioassay system described by Pridgeon et al. [39] to determine the larvicidal activity of essential oils of D. heterophyllum and H. officinalis against Ae. aegypti. Eggs were hatched and larvae were held overnight in the hatching cup in a temperature-controlled room maintained at a temperature of 27±2 º C and 60 ± 10% RH. Five 1-dold larvae were transferred into each well of 24-well tissue culture plates in 30-40 µL droplet of water. Fifty µL of larval diet (2% slurry of 3:2 Beef Liver powder and Brewer's yeast and 1 mL of deionized water were added to each well by using a Finnpipette stepper (Thermo Fisher, Vantaa, Finland). All essential oils to be tested were diluted in dimethyl sulfoxide (DMSO). After the treatment, the plates were swirled in clock-wise and counter clockwise motions and front and back and side to side 5 times to ensure even mixing of the chemicals. Larval mortality was recorded 24-and 48-h post treatment. Larvae that showed no movement in the well after manual disturbance by a pipette tip were recorded as dead. A series of 5 dosages were used in each treatment to obtain a range of mortality. Treatments were replicated 10 times for each oil.
Statistical analyses:
Proportion not biting (PNB) was calculated using the following formula: Data on the PNB values were analyzed using the ANOVA procedure of SAS (version 9.2; SAS Institute Inc., Cary, NC), and means were separated using the Ryan-Einot-Gabriel-Welsch Multiple Range Test. Control mortality was corrected by using Abbott's formula [43] . LC 50 values for larvicidal data were calculated by using the PROBIT procedure of SAS.
